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234 assigned reads (75 -180 bp for 18S and 300 -320 bp for COI). The reads were then dereplicated 235 (using obiuniq) and chimeric sequences were detected and removed using the uchime_denovo 236 algorithm implemented in vsearch (http://github.com/torognes/vsearch). The MOTUs were then 237 delimited using the Bayesian clustering algorithm implemented in CROP (Hao et al. 2011 ). This 238 algorithm results in variable thresholds for delimiting MOTUs across different branches of the 239 taxonomic tree, following the natural organization of the clusters in multidimensional sequence 240 space. The following parameter sets were used: l=0.3, u=0.5 for 18S (Guardiola et al. 2016 ) and 241 l=1.5, u=2.5 for COI. These values were chosen to avoid overclustering of several species into 242 single MOTUs (Wangensteen & Turon 2017 ).
243 The taxonomic assignment of the representative sequences for each MOTU was performed using 244 ecotag ), which uses a local reference database and a phylogenetic tree-based 245 approach (using the NCBI taxonomy) for assigning sequences without a perfect match. Ecotag 246 searches the best hit in the reference database and builds a set of sequences in the database which 247 are at least as similar to the best hit as the query sequence is. Then, the MOTU is assigned to the 248 most recent common ancestor to all these sequences in the NCBI taxonomy tree. With this 249 procedure, the assigned taxonomic rank varies depending on the similarity of the query 250 sequences and the density of the reference database. For 18S, we used the db_18S_r117 251 reference database (Guardiola et al. 2015) , obtained by in silico ecoPCR (Ficetola et al. 2010) 252 with the 18S_allshorts primer set against the release 117 of the EMBL nucleotide database. This 253 database includes 26,125 reference sequences from all major eukaryotic groups. For COI, we 254 developed a mixed reference database by joining sequences obtained from two sources: in silico 255 ecoPCR against the release 117 of the EMBL nucleotide database and a second set of sequences 256 obtained from the Barcode of Life Datasystems (Ratnasingham & Hebert 2007 ) using a custom 257 R script to select the Leray fragment. This newly generated database (db_COI_MBPK) included 258 188,929 reference sequences (March 2016) from a wide taxonomic range. Both reference 259 databases are publicly available from http://github.com/metabarpark/Reference-databases.
260 After taxonomic assignment, the final refining of the datasets included taxonomic clustering of 261 MOTUs assigned to the same species, minimal abundance filtering (unassigned MOTUs with 262 less than 10 reads and assigned MOTUs with less than 5 reads were deleted), blank correction 263 and abundance renormalization to remove spurious false positive results due to random tag 264 switching (Wangensteen & Turon 2017 ). Since we were interested only in eukaryotic diversity, 265 all MOTUs assigned to prokaryotes or to the root of the Tree of Life were removed from the 266 analyses. Samples having less than 10,000 reads in the final datasets, after all filtering 267 procedures, were considered as failed and deleted from the analyses. The pipelines used for both 268 metabarcoding markers are summarized in supplementary material, table S1. 335 The different fractions of the sampled communities showed similar patterns of α-diversity for 336 18S and COI after rarefaction ( fig. 3) . Using either marker, a trend can be observed whereby 337 larger fractions (A and B) had similar values for MOTU richness, whereas the smallest fraction 338 (C) was significantly more diverse than the other two (all Kruskal-Wallis followed by Dunn's 339 tests p<0.01) with the exception of the Mediterranean detritic rhodolith community, where no 340 differences in α-diversity between fractions were detected using COI (Kruskal-Wallis p=0.14). 353 The numbers of MOTUs detected by phylum ( fig. 5) showed that both markers, COI and 18S, 354 were able to detect those groups composed of medium-or big-sized organisms, such as major 355 metazoan phyla or macroscopic seaweeds. The detection of groups comprising microscopic 356 organisms was usually more reliable using 18S than COI. For example, 19 metazoan phyla could 357 be detected in our samples using COI, while the 18S assignment detected these same 19 phyla 358 plus the microscopic Kinorhyncha, Loricifera and Gnathostomulida. Due to remarkable gaps in 359 the reference database (as seen in table S2), our assignment procedure for COI was unable to 360 identify any sequence from microscopic groups such as Apusozoa, Choanozoa, Heliozoa, 361 Protalveolata or Rhizaria (including Foraminifera, Cercozoa and Radiozoa), which could be 362 detected by 18S. However, COI was able to detect and distinguish a higher number of MOTUs 363 than 18S for most macroscopic phyla. Moreover, the assignment at the species level was more 364 reliable using COI than 18S. An assignment with an identity percent higher than 97% using COI 365 leads in general to correct species identification; whereas, in many cases, the assignment of 18S 366 by the ecotag algorithm (even at 100% identity) yielded taxa not present in the studied areas.
367 This happens because related species included in the reference database share exactly the same 368 sequence for the 18S fragment used, whereas cases of synonymous sequences for different 369 species are extremely rare using COI. Although errors in taxonomic annotation in the databases 370 can also affect species identification, such errors would be present for both markers. MOTUs 371 with high abundance of reads could be in general identified to the species level using COI, 372 whereas they were often identified to higher taxonomic ranks using 18S ( fig. S3 ). Unassigned 373 MOTUs are those with least abundances, using either marker ( fig. S3 ). The application of metabarcoding techniques to characterize marine hard bottom communities 456 has been hindered by a lack of standardized methods for sample collection and treatment, the 457 scarcity of universal primers capable of amplifying the wide array of taxonomic groups present 458 in these communities and the need of bioinformatic procedures able to cope with the high degree 459 of genetic diversity obtained. We think that the procedures presented here, which include 460 extraction of DNA from separate size fractions, a novel set of highly degenerate primers for COI, 461 capable of amplifying most eukaryotic groups, and improved bioinformatic pipelines for data 462 treatment including new reference databases for Eukarya, allow to overcome many of the 463 challenges related to metabarcoding of structurally complex macroscopic benthic communities.
464
In this work, we tested this approach on the eukaryotic diversity present in eight ecologically 465 diverse littoral benthic communities. These procedures have already proven useful to detect 466 effects of three invasive algae on the small-sized organisms of littoral communities in a different 467 set of samples (Wangensteen et al. in press) and can be applied, with the necessary adjustments, 468 for biodiversity assessment in a wide array of marine, terrestrial or freshwater eukaryotic 469 communities. 
